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INTRODUCTION 

A p o t e n t i a l  a l t e r n a t e  approach to  t h e  use of  petroleum-based f u e l s  in  conven- 
t i o n a l  combustion systems is l i q u i d  f u e l s  der ived from coal .  In  the  present  s tudy,  
t h e  combustion and emission c h a r a c t e r i s t i c s  of  SRC f u e l  o i l  (a s y n t h e t i c  l i q u i d  
f u e l  derived f r o m  coa l )  were evaluated in a labora tory  b o i l e r  a t  a s c a l e  of 3 m i l l i o n  
Btu/hr. The f a c i l i t y  was designed t o  s imulate  t h e  combustion condi t ions  found in  
l a r g e  u t i l i t y  b o i l e r s .  The s y n t h e t i c  l i q u i d  f u e l  was produced by t h e  so lvent  
refiiled coal process  (1)-** a t  t h e  Department of Energy funded, and Gulf operated 
Solvent Refined Coal P i l o t  Plant .  

The high ni t rogen content  (approximately 1% t o  1.5% by weight) of the so lvent  
re f ined  coal  o i l  (SRCO) is p o t e n t i a l l y  a cause of high ni t rogen oxides  (NOx) emis- 
s i o n s  from conventional combustion systems. It is known t h a t  i n  the  combustion of 
f u e l s  containing chemically bound n i t rogen ,  a f r a c t i o n  of t h i s  ni t rogen combines 
with oxygen i n  the  a i r  to form ni t rogen  oxides which a r e  emitted a s  p o l l u t a n t s  in 
t h e  f l u e  gases. One percent  by weight of n i t rogen  i n  a t y p i c a l  f u e l  o i l  has a 
p o t e n t i a l  of producing about 1,300 ppm (dry)  of  n i t rogen  oxides  i n  b o i l e r  f l u e  
gases  a t  3% excess oxygen i f  a l l  n i t rogen  i n  t h e  f u e l  i s  converted t o  ni t rogen 
oxides. For conventional combustion conf igura t ions ,  approximately 20% t o  50% of  
t h e  f u e l  ni t rogen i s  converted to NOx with t h e  percentage conversion decreasing 
a s  t h e  ni t rogen content  of the  f u e l  increases .  Other v a r i a b l e s  such a s  excess  a i r  
l e v e l  and temperature play a l e s s e r  r o l e  ( 2 , 3 ) .  However, combustion modif icat ions 
can be used to  l i m i t  the  conversion of f u e l  n i t rogen  t o  l e v e l s  considerably l e s s  
than t h e  normally encountered 20% to 50%. 
and repeatedly demonstrated on u t i l i t y  b o i l e r s .  Addit ional  n i t rogen  oxides  are 
formed in  high-temperature burner  flame zones by oxida t ion  of a small p o r t i o n  of  
the  ni t rogen i n  the  combustion a i r .  

These methods have been s a t i s f a c t o r i l y  

The object ive of t h i s  s tudy w a s  to  document t h e  combustion c h a r a c t e r i s t i c s  
and t h e  emissions of NOx, SOX, and p a r t i c u l a t e s  while  burning SRC f u e l  o i l  i n  a 
b o i l e r .  I n  p a r t i c u l a r ,  t h e  s e n s i t i v i t y  of the  emissions to  load and excess a i r  
v a r i a t i o n s  a s  w e l l  a s  a i r  p rehea t ,  s taged  combustion, and f l u e  gas  r e c i r c u l a t i o n  
were determined. These m a l l  s c a l e  t e s t  r e s u l t s  can then be used to a i d  i n  assess- 
ing t h e  performance of t h i s  f u e l  i n  a t y p i c a l  f u l l  s c a l e  u t i l i t y  b o i l e r .  

During t h e  inves t iga t ion ,  d i r e c t  comparisons of the  emission c h a r a c t e r i s t i c s  
of t h e  coal-derived f u e l  were made t o  those  from a t y p i c a l  low-sulfur #6 f u e l  o i l  
(0.24% ni t rogen by weight) and a #2 o i l  with a ni t rogen content  of 0.024% by weight. 
Selected c h a r a c t e r i s t i c s  of the  t h r e e  f u e l  o i l s  a r e  s h o h  i n  Table 1 along with t h e  
a n a l y s i s  of the  western Kentucky c o a l  from which t h e  SRC o i l  was der ived.  

I 

I' 
*Sponsored by Gulf Mineral Resources, Co., Denver, Colorado. 

**Numbers in  parentheses  correspond t o  re ferences  a t  the  end of t h e  paper. 
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No at tempt  was made to  explore  t h e  poss ib le  changes i n  s torage  and handling 
procedures which might be necessary to  f i r e  the  coal-derived o i l  i n  a b o i l e r  o r i g i -  
n a l l y  equipped t o  f i r e  r e s i d u a l ,  d i s t i l l a t e  o i l s  or o t h e r  f u e l s .  

TABLE 1. TYPICAL FUEL CHARACTERISTICS 

Western 
Kentucky 
Coal SRCO #6 O i l  #2 O i l  - 

c, wt % 72.2 
H ,  wt % 5.0 
N, w t  % 1.4 
s ,  wt % 3.6 
Ash, w t  % 10.5 
02, wt % (by d i f f e r e n c e )  7.3 
Gross Heat of 

Combustion, Btu/lb 13,150 
API Gravity, 60 OF -- 
Viscosi ty ,  SSU a t  

140 OF -- 

86.6 
8.38 
1.12 
0.26 
0.008 
3.63 

17,040 
8.3 

35.6 

86.61 86.82 
12.25 12.69 
0.24 0.024 
0.28 0.11 
0.016 0.003 
0.6 0.35 

19,150 19,190 
2.3 32.3 

324 (100'F) 34 

APPARATUS 

The b a s i s  of the  combustion f a c i l i t y  i s  a modified 80-HP f i r e t u b e  b o i l e r  which 
for these  t e s t s  w a s  f i r e d  a t  a r a t e  of 3 m i l l i o n  Btu/hr. The combustion modeling 
p r i n c i p l e s  used i n  designing t h i s  f a c i l i t y  t o  s imulate  combustion condi t ions  i n  f u l l  
s c a l e  u t i l i t y  b o i l e r s  a r e  discussed i n  Reference 4. The apparatus ,  shown in Figure 
1, can be divided i n t o  f i v e  groups of components: (1) f u e l  supply, (2) a i r  supply, 
(3) burner, (4) b o i l e r  furnace,  and (5) inst rumentat ion.  

The o i l s  were drawn from 55 gal lon  drums and de l ivered  to the  burner with a 
plunger type p o s i t i v e  displacement metering pump.' During t e s t s  with t h e  #6 o i l ,  
the  drums were heated t o  raise t h e  o i l  t o  i t s  pumping temperature  and e l e c t r i c a l l y  
heated to its f i r i n g  temperature j u s t  upstream of t h e  o i l  gun. 

A i r  from an i n d i r e c t - f i r e d  prehea ter  passed through an i n s u l a t e d  duc t  and a 
ventur i  meter t o  two va lves  which were then used t o  r e g u l a t e  t h e  flow s p l i t  between 
the  burner a i r  and second-stage a i r .  For t e s t s  involving two-stage combustion, t h e  
second-stage a i r  passed down a n  i n s u l a t e d  duc t ,  through another v e n t u r i  meter, then 
to a per fora ted  t o r u s  i n s i d e  t h e  combustion chamber. The secondary a i r  was i n j e c t e d  
from t h i s  to rus  r a d i a l l y  toward t h e  a x i s  of t h e  combustion chamber through 32 o r i -  
f i c e s  each 9/16" i n  diameter. Downstream of the  burner a i r  valve,  t h e  burner a i r  
flow was s p l i t  i n t o  twu ducts  which e n t e r  t h e  windbox from oppos i te  s ides .  Recir- 
cu la ted  f l u e  gas ,  when used, was added t o  t h e  combustion a i r  upstream of  t h e  a i r  
p rehea ter .  

The burner used in t h i s  s tudy w a s  a sca led  down vers ion  of a t y p i c a l  u t i l i t y  
b o i l e r  o i l  burner. The burner  u t i l i z e s  a s i n g l e  16-vane v a r i a b l e  vane-angle a i r  
r e g i s t e r  f o r  imparting s w i r l  t o  the  a i r  flow. During t h e s e  t e s t s ,  t h e  vanes were 
f ixed a t  20 deg. For t h e  t e s t  r e s u l t s  repor ted  i n  t h i s  paper, a 30 deg. hollow cone 
mechanical type atomizer w a s  used to d e l i v e r  t h e  o i l  to t h e  combustion chamber. 
A more complete d e s c r i p t i o n  of  t h e  burner can be found i n  Reference 5. 

The b o i l e r  s h e l l  was an 80-HP Scotch dry-back type.  A t  a f i r i n g  r a t e  of 3 
m i l l i o n  Btu/hr, t h e  b o i l e r ' s  volumetric f i r i n g  i n t e n s i t y  was 38,500 Btu/hr-ft3, 
which is t y p i c a l  of  o i l - f i r e d  u t i l i t y  b o i l e r s .  The steam produced by t h i s  b o i l e r  
i s  vented a t  one atmosphere. A l s o ,  t h e  labora tory  b o i l e r ' s  combustion chamher was 
f i t t e d  with a s t a i n l e s s  s t e e l  l i n e r  to give  wal l  temperatures  of about 800 OF, a l s o  
t y p i c a l  of u t i l i t y  b o i l e r s .  
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The f l u e  gas  concent ra t ions  of NO, 02, CO, and SO2 were analyzed cont inuously 
using a Thermo Electron corp. chemiluminescent n i t r i c  oxide analyzer ,  a Beckman 
Model 742 oxygen e l e c t r o l y t i c  analyzer ,  a n  Horiba Model PIR2000 nondispersive i n f r a -  
red carbon monoxide analyzer ,  and a Dupont 411  photometric analyzer  f o r  s u l f u r  dio-  
xide. Smoke l e v e l s  were determined using a Bacharach smoke t e s t e r  (ASTM D2156-65) 
and reported a s  Bacharach smoke s p o t  numbers, t h e  s c a l e  of which c o n s i s t s  of a s e r i e s  
Of ten  spots  from 0 to 9. T o t a l  p a r t i c u l a t e  loadings were determined using EPA 
Method 5. 

TEST RESULTS 

The combustion and emission c h a r a c t e r i s t i c s  of the  SRC o i l  were evaluated 
over a range of operat ing parameters t y p i c a l  of l a r g e  u t i l i t y  b o i l e r s .  With t h e  
except ion of t h e  var iab le  a i r  p rehea t  t e s t s ,  t h e  test r e s u l t s  reported were obta ined  
a t  a nominal condi t ion of 550 OF combustion a i r  temperature and a f i r i n g  r a t e  of  
3 m i l l i o n  Btu/hr. Resul t s  w i l l  be presented  f o r  the  following methods of c o n t r o l l i n g  
NO: 

reduced excess a i r  
staged combustion 
f l u e  gas r e c i r c u l a t i o n  
reduced a i r  preheat  

f u e l  blending 
ammonia i n j e c t i o n  
water i n j e c t i o n  f o r  smoke suppression 
f u e l  a d d i t i v e s  f o r  smoke suppression 

The methods l i s t e d  i n  the  lef t -hand column above were inves t iga ted  e a r l y  i n  the  
t e s t i n g .  It was found t h a t  while the combustion modif icat ions were e f f e c t i v e  i n  
c o n t r o l l i n g  n i t r i c  oxide, they were l i m i t e d  i n  t h e i r  degree of e f f e c t i v e n e s s  due 
to a tendency of the SRCO t o  smoke when t h e  cont ro l  methods were f u l l y  implemented. 
This g r e a t e r  tendency of t h e  SRC o i l  t o  smoke than t h e  o t h e r  f u e l s  t e s t e d  is thought 
t o  be due to  the  high aromatic content  of the  coal-der ived l i q u i d .  

The e f f e c t  of excess a i r  and s taged combustion on t h e  n i t r i c  oxide emissions 
f o r  t h e  SRCO along with t h e  #6 and # 2  o i l  a r e  shown i n  Figure 2. The open symbols 
a r e  s i n g l e  s tage combustion and t h e  closed symbols a r e  two-stage combustion t e s t s .  
During t h e  staged combustion t e s t s ,  the  o v e r a l l  excess a i r  l e v e l  was maintained 
a t  16% (3% o v e r a l l  excess 02) .  Figure 2 shows t h a t  f o r  s ing le-s tage  combustion 
of SRCO, the NO produced is very s e n s i t i v e  t o  t h e  excess  a i r  l e v e l  and s i g n i f i c a n t l y  
higher than t h e  NO emissions from t h e  #6 and #2 o i l .  For two-stage combustion, 
the  NO produced reached a minimum a t  about  80% AB (AB is t h e  t h e o r e t i c a l  a i r  a t  
t h e  burner  and A. is t h e  o v e r a l l  t h e o r e t i c a l  a i r ;  f o r  s i n g l e  s t a g e  combustion, AB 
= A o ) ,  with f u r t h e r  reduct ions  i n  burner air  flow r e s u l t i n g  i n  an increase  i n  t h e  
NO emissions. This e f f e c t  has been observed by other  i n v e s t i g a t o r s  (6-9) and is 
a t t r i b u t e d  to  NO formation during combustion i n  t h e  second s tage  region. 

When f l u e  gas  r e c i r c u l a t i o n ,  a t  r a t e s  up t o  20%*, was u t i l i z e d  i n  conjunct ion 
with s taged  combustion, no f u r t h e r  reduct ions  i n  the  n i t r i c  oxide emissions were 
observed. Gas r e c i r c u l a t i o n  could be expected t o  have g r e a t e r  e f f e c t  i n  b o i l e r s  i n  
which t h e  heat r e l e a s e  per  u n i t  a r e a  i s  very high. These u n i t s  would tend t o  have 
higher cont r ibu t ion  of thermal NOx, and t h e  use of r e c i r c u l a t i o n  would tend t o  
reduce t h e  thermal NO more not iceably.  

The e f f e c t  of t h e  combustion a i r  temperature  on the  NO emissions i s  shown 
i n  Figure 3 f o r  t h e  SRCO during s i n g l e  s t a g e  combustion. This da ta  shows t h e r e  
i s  a s t rong  e f f e c t  of the  combustion a i r  temperature on t h e  NO emissions (approxi- 
mately 9 ppm/25 OF, a t  120% excess  a i r )  and t h a t  t h e  s e n s i t i v i t y  of t h e  NO emissions 
to combustion air  temperature increases  wi th  an increase  i n  the  excess a i r  l e v e l .  

i' 

*Mass o f  r e c i r c u l a t e d  f l u e  gas/sum of combustion a i r  and f u e l  flow. 
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Fuel blending was a l s o  inves t iga ted  a s  a means of f i r i n g  the  SRCO while l i m i t -  
ing  the  NO and p a r t i c u l a t e  emissions. The NO emissions from blends of  SRCO and 
#6 o i l  are shown i n  Figure 4 f o r  both s i n g l e  and two s t a g e  combustion. 

The homogeneous gas  phase reduct ion of NO by ammonia i n j e c t i o n  i n t o  t h e  SRCO 
combustion products  was a l s o  inves t iga ted  during t h i s  study. The reduct ions i n  
NO which were achieved were i n  agreement with those obtained and reported with o t h e r  
f u e l s  ( l o ) .  

Ful ly  implementing the  n i t r i c  oxide cont ro l  techniques with the  SRC o i l ,  i n  
p a r t i c u l a r  s taged combustion, was l imited by the  tendency of t h e  o i l  t o  form high 
l e v e l s  of smoke and p a r t i c u l a t e s .  This e f f e c t  i s  i l l u s t r a t e d  i n  Figure 5 where 
t h e  Bacharach smoke numbers f o r  s i n g l e  s t a g e  and t w o  s t a g e  f i r i n g  of the SRCO and 
#6 o i l  are compared. During the two s tage  t e s t s  the  s t a c k  gas  oxygen concentrat ion 
was maintained a t  3% (dry b a s i s ) .  For s i n g l e  s tage  f i r i n g ,  t h e  da ta  i n  Figure 5 
show t h a t  t h e  SRCO tends to smoke more than the  #6, no te  t h a t  even a t  40% excess  
a i r  (AB = 140%),  a No. 2 smoke spot  i s  obtained.  Although f o r  excess  a i r  l e v e l s  
above about 10% to 15%, t h e  performance i s  acceptable  i n  t h i s  u n i t .  A s t r i k i n g  
d i f fe rence  i n  the  performance i n  the  two f u e l s  is seen f o r  t w o  s t a g e  combustion 
condi t ions.  The #6 o i l  produced a gradual  increase  i n  t h e  f l u e  gas  smoke l e v e l  
a s  the f i r s t  s t a g e  was operated more fue l - r ich .  With t h e  SRCO, l a r g e  increases  
i n  thg s tack  smoke l e v e l s  were obtained even a t  moderate s tag ing  condi t ions;  a smoke 
number of 9 was obtained when t h e  burner was operated a t  A - 102%. This smoking 
tendency is suspected t o  be a consequence of t h e  high aromatic content  of the  SRCO 
which i s  on t h e  order  of about 60% based on the carbon-to-hydrogen ratio. 

B T  

This t rade-off  i n  NO and p a r t i c u l a t e  emissions is f u r t h e r  i l l u s t r a t e d  i n  
Figure 6. These r e s u l t s  show t h a t  i n  t h i s  p a r t i c u l a r  system, s taged combustion 
cannot be used t o  reduce the  NO emissions below the  1974 EPA New Source Performance 
Standards (NSPS) without exceeding t h e  1974 NSPS p a r t i c u i a t e  s tandard.  A similar 
s i t u a t i o n  w i l l  l i k e l y  e x i s t  i n  a f u l l  s i z e  u n i t  a l though,  q u a n t i t a t i v e l y ,  t h e  t rade-  
o f f  may d i f f e r  from t h e  labora tory  sca le  r e s u l t s .  

A number of methods were t e s t e d  t o  l i m i t  t h e  smoke and p a r t i c u l a t e  formation 
while implementing staged combustion with the  SRCO. These included steam atomiza- 
t i o n  ins tead  of mechanical atomization, water i n j e c t i o n  i n t o  t h e  combustion air ,  
and the use of combustion improving f u e l  a d d i t i v e s  ( a l k a l i  and manganese based) .  

In  t h i s  u n i t  the  NO and smoke l e v e l s  were s i m i l a r  f o r  both steam atomizat ion 
and mechanical a tomizat ion.  U t i l i z i n g  water i n j e c t i o n  i n t o  t h e  combustion a i r  ( a t  
a r a t e  equal t o  7% of the  o i l  flow, volumetric basis) along wi th  s taged combustion, 
the  n i t r i c  oxide emissions could be reduced to about 260 ppm p r i o r  to the  onse t  
of  smoking. .This is about  40 ppm lower than t h e  l e v e l s  previously obtained with 
staged combustion alone. 

Fuel a d d i t i v e s  have been used with varying degrees  of e f f e c t i v e n e s s  to cont ro l  
smoke emissions from combustion systems. A recent  s tudy by B a t t e l l e  (11) has shown 
c e r t a i n  a d d i t i v e s  t o  be e f f e c t i v e  i n  reducing smoke with s i n g l e  s t a g e  f i r i n g  of 
#6 and #2 o i l  although t h e  a d d i t i v e s  may r e s u l t  i n  an increase  of  t o t a l  p a r t i c u l a t e  
loadings. 

During the  p r e s e n t  study, var ious a d d i t i v e s  were used with the SRCO while 
f i r i n g  i n  a s taged combustion mode. The a d d i t i v e s  chosen f o r  eva lua t ion  were: 
barium naphthenate, calcium naphthenate, and CI-2 (Ethyl  Corp. propr ie ta ry ,  manga- 
nese based) .  The naphthenates produced t h e  best r e s u l t s  in  t h e  B a t t e l l e  study (ll), 
with CI-2 being less e f f e c t i v e .  I n  t h e  present  t e s t s ,  t h e  a d d i t i v e  concentrat ions 
ranged from 50 t o  350 ppm of the  primary metal i n  the o i l .  
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~ l l  t h r e e  a d d i t i v e s  a l t e r e d  t h e  smoking c h a r a c t e r i s t i c s  of the  SRCO with b o t h  
s i n g l e  s tage  and two s t a g e  combustion. 
m o s t  e f f e c t i v e  in achieving l o w  NO emissions (e .g . ,  lower AB a t  the  burner ) .  I t  
was also found t h a t  the  naphthenates a l t e r e d  t h e  NO formation a s  wel l  a s  the  smoke 
formation. A s  a r e s u l t ,  the  NO emissions with s tag ing  were approximately 30 t o  
50 ppm higher than f o r  t h e  base condi t ion  without t h e  naphthenate addi t ive .  

However, the  manganese-based addi t ive  was 

P a r t i c u l a t e  loadings were determined while opera t ing  under staged combustion 
condi t ions with t h e  manganese-based a d d i t i v e  (CI-2). The r e s u l t s  of these tests 
a r e  presented in Table 2. 

TABLE 2. PARTICULATES AND NO EMISSIONS 
WITH SRCO AND CI-2 ADDITIVE 

Test No. 

Additive Concentration 
(ppm manganese) 

A0 Total  A i r ,  % Theor. 

AB Burner A i r ,  % Theor. 

Excess 02, % dry  

PPm dry 

NO, ppm dry ( c o r r  to 3% 0 ) 

Smoke Number 

P a r t i c u l a t e s ,  lb/M8tu 

2 

1 2 3 4 

0 

114.0 

114.0 

2.7 

35 

467 

0 

0.016 

0 0 

117.1 119.0 

103.0 83.0 

3.2 3.5 

35 135 

344 231 

3 < 9  

0.0168 0.344 

345 

112.9 

11.0 

2.5 

40 

226 

8.5 

0.068 

A s  seen in Table 2 ,  the  a d d i t i v e  was e f f e c t i v e  i n  l i m i t i n g  t h e  p a r t i c u l a t e  
emissions during s taged  combustion. Also, t h e  high p a r t i c u l a t e  emission during 
Tes t  No. 3 (s taged combustion without  t h e  f u e l  a d d i t i v e )  i s  due t o  carbon formation. 
Fur ther ,  t h e  amount of p a r t i c u l a t e  cont r ibu ted  by the  a d d i t i v e  during T e s t  N o .  4 
is apparent ly  small. Based on t h e  manganese content  i n  t h e  o i l ,  t h e  manganese would 
be expected to cont r ibu te  t o  t h e  p a r t i c u l a t e s  on t h e  order  of 0.014 lb/106 Btu. 
The ash  in  t h e  f u e l  c o n t r i b u t e s  a t  most 0.004 lb/MBtu to the f l u e  gas  p a r t i c u l a t e  
loading. It appears t h a t  t h e  snoke emissions of t h e  SRCO can be cont ro l led  on 
a l a r g e r  u n i t  wi th  a f u e l  a d d i t i v e  such a s  CI-2 when two s tage  or off -s to ich iometr ic  
f i r i n g  is used t o  reduce t h e  n i t r i c  oxide emissions. It should be pointed o u t  t h a t  
tests were n o t  conducted t o  determine the  minimum addi t ive  concentrat ion necessary 
to prevent smoke formation. 

I n  general ,  the  so lvent  r e f i n e d  coal  o i l  appears to  be a usefu l  b o i l e r  f u e l  
b u t  i t s  high n i t rogen  content  d i c t a t e s  t h e  need f o r  applying NO cont ro l  techniques 
to t h e  system. 

Since t h e  SRCO is a very good so lvent ,  compat ib i l i ty  of the  o i l  with t y p i c a l  
s e a l s ;  O-rings, e t c ,  used in boiler a p p l i c a t i o n s  needs to be inves t iga ted .  

The major problems encountered with the SRCO during t h i s  s tudy were t h e  high 
NOx emissions without  NOx c o n t r o l  methods coupled with t h e  smoking tendency upon 
implementation of combustion modi f ica t ions  f o r  NOX cont ro l .  However, these small 
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sca le  t e s t s  show t h a t  cont ro l  techniques a r e  e f f e c t i v e  i n  reducing t h e  NOx emissions. 
The carbon monoxide emissions were a l s o  found t o  be l o w  during t h e  t e s t s  and the  
SO2 emissions were within the  expected range based on t h e  low-sulfur content  Of 
the  SRCO. 

I n  t h e  labora tory  t e s t s ,  var iab les  such a s  the l o c a t i o n  of second s t a g e  a i r  
addi t ion,  a tomizer  design,  a i r  s w i r l  s e t t i n g ,  e t c .  were not  f u l l y  inves t iga ted .  
With a more extensive e f f o r t ,  lower NOX l e v e l s  than demonstrated i n  t h i s  study may 
be poss ib le  on many l a r g e  s c a l e  boi le rs .  I n  addi t ion ,  low NOx des igns  f o r  b o i l e r s  
and burners may be expected to f u r t h e r  a i d  i n  minimizing NO emissions from t h e  com- 
bust ion of t h e  SRC o i l .  

CONCLUSIONS 

The fol lowing s p e c i f i c  conclusions can be drawn from t h e  r e s u l t s  of these  
small s c a l e  tests: 

1. 

2. 

3. 

4. 

5 .  

The combustion performance of t h e  so lvent  re f ined  coal  o i l  i s  equivalent  t o  
t h a t  of  t y p i c a l  u t i l i t y  type f u e l  o i ls .  It  i s  v o l a t i l e  ( s i m i l a r  to #2 o i l )  
and does not  requi re  preheat ing t o  achieve an acceptab le  v i s c o s i t y  for pumping 
or atomization. 

P o t e n t i a l  problems with furnace s lagging and metal  wastage occasional ly  
encountered with coal  combustion should be n e g l i g i b l e  with SRCO because of 
its l o w  s u l f u r  and ash contents .  

N i t r i c  oxide emissions could be maintained a t  about  0.4 lb/lO Btu f o r  the  
SRCO u t i l i z i n g  combustion condi t ions  t y p i c a l  of many l a r g e  u t i l i t y  b o i l e r s .  
This was accomplished with two-stage combustion and 3% excess  oxygen i n  t h e  
flue gas. A t  t h i s  condi t ion,  l o w  s tack  gas  concent ra t ions  of carbon monoxide 
and p a r t i c u l a t e s  were maintained. 

N i t r i c  oxide emissions could be reduced below 0.3 lb/106 Btu f o r  the  SRCO by 

6 

(1) blending the SRCO with o ther  petroleum-based f u e l  o i l s  having much 

(2) using a f u e l  a d d i t i v e  containing manganese and then f i r i n g  with 
lower f u e l  n i t rogen  and then f i r i n g  wi th  t w o  s t a g e  combustion, or 

two s t a g e  combustion. 
Acceptably l o w  s tack  gas  concentrat ions of carbon monoxide, smoke, and 
p a r t i c u l a t e s  were obtained.  

A i r  preheat  has a s i g n i f i c a n t  e f f e c t  on t h e  NOx emissions while f i r i n g  SRCO. 
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